Several 'super-complexes' of individual hetero-oligomeric membrane protein 1 complexes, whose function is to facilitate intra-membrane electron and proton transfer and 2 harvesting of light energy, have been previously characterized in the mitochondrial cristae and 3 chloroplast thylakoid membranes. The latter membrane is reported here to also be the location of 4 an intra-membrane super-complex which is dominated by the ATP-synthase and photosystem I 5 (PSI) reaction-center complexes, defined by mass spectrometry, clear-native PAGE and Western 6 Blot analyses. This is the first documented presence of ATP synthase in a super-complex with the 7 PSI reaction-center located in the non-appressed stromal domain of the thylakoid membrane. 8 9 10 Super-complexes of hetero-oligomeric electron transport membrane protein complexes, formed 12 in the fluid mosaic membrane environment [1,2] have been described in mitochondria [3][4][5][6] where 13 their formation has been shown to be facilitated by anionic lipid [3,[7][8][9][10][11][12]. The chloroplast thylakoid 14 membrane contains four large hetero-oligomeric energy-transducing protein complexes (Fig. 1) , 15 for which molecular structure information has been obtained: (i) the photosystem II (PSII) reaction-16 center complex, responsible for the primary photochemistry associated with water splitting [13];
INTRODUCTION Fig 1.
Distribution of the major intra-membrane energy transducing complexes associated with 33 oxygenic photosynthesis in the appressed (grana) and non-appressed (stroma) thylakoid Scientific) operated in positive ion mode (nLC-MSMS) [40] . Proteins in native gel-bands were 103 alkylated, digested with trypsin and extracted for nLC-MSMS. The Mascot Search Algorithm 104 (Matrix Science, London, UK) was utilized to identify the significant presence of peptides, using 105 10 ppm mass tolerance on high-resolution precursor MS1 scans, and 20 milli-mass unit tolerance 106 on high-resolution product MS2 scans, obtaining an overall < 5% peptide false discovery rate 107 based upon a reversed sequence decoy search [41] . A spinach database was downloaded from 108 Uniprot (UP000054095). The top twenty Mascot protein scores for each sample were presented 109 representing the most abundant proteins in the sample and minimizing low scoring proteins that 110 are more likely to represent noise (Mascot 'protein' score is the summed score for unique peptides 111 within the sample analysis). A 'complex' score for each of the four major thylakoid protein 112 complexes was generated by adding together the protein scores for the top four highest scoring 113 proteins (or fewer than four if there were fewer than four proteins from that complex in the twenty 114 highest scoring proteins). The top twenty proteins were chosen as a cutoff because proteins below 115 this threshold have protein scores around 10% or less of the highest scoring proteins and thus 116 are more likely to be in the 'noise' fraction [32] .
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Assay of ATPase Activity. The "ADP-Glo" kit (Promega, Wisconsin) was used to measure 118 hydrolysis of ATP to ADP and inorganic phosphate by ATPase. ATP (0.4 mM) was added to the 119 super-complex fraction in the presence of buffer (50 mM Tris-HCl, 5 mM Mg 2+ , and BSA) at room 120 temperature, incubated for 15 min, followed by the addition of "ADP-Glo reagent" and incubation 
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Notably absent were Photosystem II (trace amounts of PsbB were detected in 1 preparation, 164 assumed to represent contamination), and cytochrome b6f complex polypeptides. Other known PSI chlorophyll a/b binding protein) and ferredoxin-NADPH oxidoreductase (FNR) that was and rubisco activase was found with a high score after crosslinking. Because of differential 169 recovery of larger versus smaller subunits and peptides derived from them it is not possible to 170 infer polypeptide stoichiometry from these measurements. 
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The presence of FNR was confirmed through Western blot analysis using an anti-FNR antibody 201 probe (Fig. 2F) , and determination of fluorescence excitation and emission spectra that are 202 characteristic of FAD [42] (Fig. 3) . No polypeptides from the cytochrome b6f complex were 203 detected at the stringency used. 
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(A) Emission spectra measured between 500 -600 nm. Stepping increment, 1 nm; 208
Integration time, 0.1 sec; Excitation, 466 nm; bandwidth 5 nm for excitation and emission.
209
(B) Excitation spectra measured in 400-500 nm range, measuring the emission at its 530 210 nm peak. Spectra of undiluted sample were measured in a quartz microcell, 3 x 3 mm, 211 volume, 0.3 ml (Starna Cells) before and after addition of dithionite grains. Difference 212 spectra were obtained by subtraction of spectra, i. e., 'oxidized-reduced,' measured 213
before and after addition of dithionite. 214 qualitative measure of ATP hydrolysis, which was dependent on the presence of the PSI-ATPase-
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FNR super-complex ( Table 2) 
